Background Small bowel obstruction (SBO) is a common diagnosis; however, outcomes of and risk factors for SBO and malignant bowel obstruction (MBO) surgery are not well understood. We sought to characterize outcomes and risk factors for surgery for SBO and MBO. Methods A retrospective cohort study was performed utilizing prospectively collected data from the Michigan Surgical Quality Collaborative (7/2012-3/2015). Cases included those with ICD9 diagnosis code of bowel obstruction and CPT codes for lysis of adhesions, intestinal bypass, and small bowel resection. Cases were stratified by disseminated malignancy (MBO). Factors associated with complications and 30-day mortality were evaluated. Results Two thousand two hundred thirty-three patients underwent surgery for bowel obstruction, including 86 patients (3.9 %) with MBO. MBO patients had an adjusted mortality rate of 14.5 % (benign 5.0 %); the adjusted complication rate was 32.2 % (benign 27.0 %). Factors independently associated with mortality included disseminated cancer, older age, American Society of Anesthesiologists IV/V, cirrhosis, ascites, urinary tract infection, sepsis, albumin <3.5, hematocrit <30, and bowel resection. Conclusions Surgery for bowel obstruction carries a relatively high risk for morbidity and mortality, particularly in patients with malignant bowel obstruction. Considering the identified risk factors for mortality may help clinicians make recommendations regarding surgery in the setting of MBO.
Introduction
Small bowel obstruction results in more than 300,000 hospitalizations per year in the USA, and these cases are within the Bbread & butter^diagnoses for the general surgeon.
1,2 A significant percentage of those patients (18-57 %) require an operative intervention. 3 -6 While the data varies depending on the patient population, there appears to be a 4-37 % rate of complications, and a mortality rate ranging from 2 to 6 % for patients undergoing operative intervention for bowel obstruction.
3 -9 However, most existing data come from single-institution studies or from studies using administrative databases which underestimate morbidity and mortality rates. 3 -5,7 One group of small bowel obstruction patients who present a clinical challenge are those who present with an obstruction due to intra-abdominal malignancy, a Bmalignant bowel obstruction^(MBO). Patients presenting with MBO create a clinical dilemma, as they are often nearing the end-of-life; however, the intractable symptoms of pain, nausea, and vomiting require management. There is a lack of prospective, clinical trial data to guide the care of these patients and data has often drawn from studies with small numbers of patients involved. 10 Existing studies have demonstrated that for patients undergoing operative intervention for MBO there is significant morbidity and mortality (7-67 and 6-32 %, respectively).
11 -15 The widely varying surgical morbidity and mortality rates in published studies leave clinicians with a lack of guidance when attempting to recommend treatment for patients with MBO.
While it is known that patients undergoing palliative surgery in the setting of metastatic or disseminated cancer have poor outcomes, we believe that there are subsets of these patients for whom palliative surgery is appropriate. A better knowledge of patient and surgical factors associated with morbidity and mortality for these patients would be helpful in clinical decision-making. 16 -20 Some studies have attempted to identify patient factors associated with morbidity and mortality, but with inconsistencies between the results. 11, 16, 20 In this context, we sought to evaluate the surgical outcomes of patients with benign and malignant small bowel obstruction, utilizing a population-based, prospective surgical outcomes registry. The goals of our study were to (1) compare patient characteristics and types of surgery performed for SBO patients with and without MBO; (2) compare outcomes and resource utilization for these two cohorts; (3) determine risk factors for morbidity and mortality that might aid in clinicians' decision-making; and (4) determine whether the characteristics of hospitals treating MBO patients is associated with outcomes.
Materials and Methods

Data Source
We conducted a population-based, retrospective cohort study utilizing data prospectively collected by the Michigan Surgical Quality Collaborative (MSQC). MSQC is a consortium of community and academic hospitals throughout the state of Michigan that collects and disseminates information about surgical outcomes and conducts collaborative qualityimprovement projects. Details regarding the MSQC data abstraction have been described before. 21 Briefly, specially trained data abstractors (nurses) conduct chart reviews to comprehensively collect rigorously defined patient demographics, preoperative risk factors, laboratory values, technical details of the operations, perioperative process of care, and the 30-day outcomes for patients undergoing specific surgical operations, using a sampling algorithm that minimizes selection bias. To ensure registry data validity, regular data audits are performed. This study was deemed Bnon-regulated^by the University of Michigan Institutional Review Board.
Patient Population
Patients aged 18 years and older undergoing surgery for small bowel obstruction based on the International Classification of Disease (ICD-9) code (560.x) from July 2012 to March 2015 at any of 51 MSQC community or academic hospitals were included in this study. The 51 hospitals were the hospitals with available data from the American Hospital Association (AHA) 2013 survey, out of the 66 total MSQC hospitals at the time of the study. Patients with Current Procedural and Terminology (CPT) codes suggesting colon surgery were excluded (e.g., any colectomy and Hartmanntype operation), to limit the cohort to patients with small bowel obstruction (SBO).
Main Exposure Variable
Having a diagnosis of disseminated cancer was the main exposure variable in this study. Disseminated cancer is a comorbidity variable that is defined within MSQC as Bcancer that has spread to one site or more sites in addition to the primary site AND in whom the presence of multiple metastases indicates the cancer is widespread, fulminant, or near terminal. Other terms describing disseminated cancer include Bdiffuse,ŵ idely metastatic,^Bwidespread,^Bcarcinomatosis^or American Joint Committee on Cancer (AJCC) BStage IVĉ ancer.^We utilized the diagnosis of disseminated cancer as a proxy for likely malignant small bowel obstruction. The patients were stratified into two groups for comparison: those with a likely MBO and those with a benign SBO.
Independent Variables
Demographic and clinical data analyzed for the main cohort i n c l u d e d a g e , s e x , r a c e , A m e r i c a n S o c i e t y o f Anesthesiologists (ASA) class, and type of operation performed based on CPT codes. Comorbidities evaluated included preoperative congestive heart failure (CHF), arrhythmias, hypertension (HTN), smoking status, chronic obstructive pulmonary disease (COPD), ventilator use, dyspnea, pneumonia (PNA), diabetes, dialysis use, ascites, cirrhosis, peripheral vascular disease (PVD), deep vein thrombosis (DVT), bleeding disorder, human immune deficiency virus (HIV), chronic condition (requiring immunosuppression and/or steroid use), urinary tract infection (UTI), and pre-operative sepsis. Laboratory data collected included hematocrit (HCT), white blood cell count, albumin, and lactate level. Hospital characteristics included size (number of beds, <100, 100-399, ≥400), teaching status (non-teaching, minor teaching, and major teaching), cancer designation by the American College of Surgeons (ACS), and setting (urban, rural) according to AHA definitions.
Outcomes Variables
The outcomes variables of interest were any morbidity, mortality within 30-days of operation, extended length of stay (LOS), hospital readmission, and reoperation within 30-days. Morbidity was defined as documentation of at least one postoperative complication, including intra-operative blood transfusion, surgical site infection, urinary tract infection, sepsis, Clostridium difficile infection, central line-associated bloodstream infection, pneumonia, unplanned intubation, acute renal failure, myocardial infarction, arrhythmia, stroke, pulmonary embolism, deep venous thrombosis, cardiac arrest, postoperative blood transfusion, and anastomotic leak. Extended LOS was defined as extending beyond the 75th percentile of length of stay for this cohort.
Statistical Analyses
Demographic and clinical variables for patients with and without disseminated cancer were compared using chi-square tests for categorical and two-sided t tests or the Wilcoxon rank sum tests for continuous variables, as appropriate, with significance set at p < 0.05. Variables that had a p value <0.2 on the univariate analyses were included in multivariable logistic regression models in addition to the main exposure of the patient's sex and age. Models were evaluated for discrimination using the c-statistic and calibration using HosmerLemeshow statistics. The c-statistic evaluates model discrimination and represents the area under the receiver operator characteristic curve. A value of 0.5 indicates that the model is equivalent to chance; a value of 1.0 indicates perfect discrimination. The Hosmer-Lemeshow statistic assesses whether predictive accuracy is consistent across deciles of predicted risk.
The β-coefficients of the covariates generated by the multivariable model allow for the calculation of an adjusted-rate for each outcome at each level of the main exposure. This is achieved by fixing the value of the exposure variable for each patient while keeping all other covariate values as observed. To measure the association between hospital characteristics and mortality in patients undergoing surgery for SBO with disseminated cancer, we stratified the risk-adjusted mortality rates by each hospital characteristic. The goal of this analysis was to evaluate the impact specific hospital characteristics had on outcomes.
All statistical analyses were conducted using STATA special edition (version 13.1, StataCorp, College Station, TX).
Results
The study population included 2233 patients who underwent surgery for small bowel obstruction, of which 86 patients (3.9 %) had MBO. The overall average age was 64.0 years (±16.6 years). Overall, patients in the MBO cohort were more likely to be male and had more comorbidities as compared to the benign cohort. Comorbidities more common in the MBO cohort included ascites, deep vein thrombosis, human immunodeficiency virus, urinary tract infection, chronic immunosuppression (steroid and/or chemotherapy use), anemia, and hypoalbuminemia (Table 1) .
Operative interventions included lysis of adhesions (LOA), small bowel resection, intestinal bypass, and others (Fig. 1 ). The patients with MBO underwent more extensive operative interventions, with 41.9 % of the cohort undergoing small bowel resection (vs 32.8 % benign) and 9.3 % undergoing intestinal bypass (vs 0.9 % benign). Very few patients with SBO underwent a laparoscopic procedure, 11 % in the benign cohort and 1 % in the MBO cohort (p value 0.003).
Overall, the two cohorts of benign and MBO patients experienced many of the same post-operative complications. Significant differences observed between the two cohorts included the unadjusted percentage of patients with any complications (44.2 % MBO cohort vs 26.6 % benign cohort), superficial surgical site infection (11.6 vs 4.9 %), and pneumonia (10.5 vs 4.6 %). The unadjusted 30-day mortality rate for all patients was 5.6 %, with 22.1 % of the MBO patients dying within 30-days of their operation as compared to 4.9 % of the benign patients. In terms of resource utilization, the MBO patients received significantly more intra-operative transfusions (16.3 vs 3.0 %) and post-operative transfusions (12.8 vs 5.8 %). They also had a significantly higher rate of extended LOS (36.0 vs 21.7 %, Table 2 ).
In the multivariable analysis, adjusted complication rates were similar for the two cohorts (32.2 % MBO vs 27.0 % benign, p value 0.212, Fig. 2 Table 3 ).
There was a significant difference in the adjusted 30-day mortality rate for MBO patients as compared to benign SBO patients (14.5 vs 5.0 %, p value 0.003, Fig. 2 Table 3 ).
For the MBO patients, hospital characteristics were evaluated for association with adjusted mortality rates. The goal of this analysis was to determine if risk-adjusted outcomes for MBO surgery were better or worse when surgery was performed at particular types of institutions. For adjusted 30-day mortality, there were significantly higher mortality rates observed for MBO patients at <100 and 100-399 bed hospitals (compared to ≥400 bed hospitals), non-teaching and minor teaching hospitals (compared to major teaching), ACS cancer centers (compared to non-ACS cancer centers), and hospitals in an urban setting (compared to rural) (Fig. 3) . However, the differences in adjusted mortality are quite small, in the 1-2 % range.
Discussion
The present study examined outcomes for a common surgical diagnosis, small bowel obstruction, and compared outcomes for patients undergoing surgery for benign versus malignant bowel obstruction. While SBO surgery is performed by almost all general surgeons, our study shows that it carries a higher risk for complications and mortality than may be commonly assumed. We observed risk-adjusted postoperative complication rates of 27.0 % for benign SBO and 32.2 % for MBO. Adjusted mortality rates were 5.0 and 14.5 %, respectively. Nationwide, SBO is associated with significant utilization of hospital and financial resources. 1, 2 Consistent with other studies, we found that the majority of the procedures performed were LOA and small bowel resections. 4, 5, 22 However, our population-based study shows a few differences in outcomes, compared to prior studies. 3, 5, 22 We noted a 5.0 % 30-day mortality for patients with benign bowel obstruction undergoing operative intervention which is higher than studies by Williams (2.1 %), Chu (2.1 and 3.1 %), and Schraufnagel (3 %). 3, 5, 22 In a study by Teixeira et al., data from the American College of Surgeons' National Surgical Quality Improvement Program database was utilized and the overall mortality for patients undergoing operative intervention for small bowel obstruction was 5.1 %, similar to our findings. 23 Many of the same risk factors for mortality were observed including increasing age, ASA score, and sepsis. 23 
Fig. 1 Percentage of procedures by diagnosis category
This study also provides data to guide decision-making for patients presenting with a bowel obstruction and disseminated cancer. We found 14.5 % adjusted risk of 30-day mortality for patients with MBO undergoing surgical intervention. While this is obviously a selected population that underwent surgery, this number still may be surprisingly low to many providers, who might consider surgery futile in any such cases. As clinical decision-making will be based on the individual patient presenting with bowel obstruction, additional risk factors for mortality identified in this study included increasing age, higher ASA classification, additional comorbidities (cirrhosis, ascites, UTI, and sepsis), low HCT, low albumin, and the need to perform a small bowel resection. Thus, these factors may be useful to consider when counseling patients regarding specific treatment recommendations in the setting of MBO.
Palliative surgery has become an increasingly important topic within the surgical community, but due to the lack of randomized controlled trials, physicians are left with conflicting data on which to make challenging treatment decisions.
10 -15, 27 -31 A systematic review of surgery for malignant bowel obstruction was recently performed by Olson and colleagues. 13 Overall, 17 studies were selected for inclusion, and the primary cancers included gastrointestinal and ovarian malignancies. The complication rate was 7-44 % with a mortality rate ranging from 6 to 32 %. A recent study utilized data from the American College of Surgeons' National Surgical Quality Improvement Program to evaluate the outcomes of patients with disseminated cancer undergoing emergency surgery for perforation or obstruction. Of the 376 patients with obstruction, there was a 41 % complication rate and a 30-day mortality rate of 18 %, similar to our findings. 31 While there is a relatively high risk for morbidity and mortality for surgical interventions for MBO, for some patients there is a real benefit.
11 -20, 27 -31 In the process of navigating challenging treatment recommendations for MBO, the care of the patient should be multidisciplinary, with the support of palliative care services, who can assist with pain and symptom management and complex decision-making. 32 While there are no official guidelines for the management of malignant bowel obstruction, there are treatment algorithms that can aid in pain and symptom management. The use of analgesics, anti- emetics, and anti-secretory medications can offer a patient significant relief, even if the patient does not undergo surgery. 33, 34 As much of the known data for outcomes in MBO is from retrospective studies and often many factors considered in the clinical decision-making are unknown it can be challenging for surgeons to fully apply this data to current and future patients. Fortunately, there is a current multi-site SWOG clinical trial in progress to help answer the challenging questions of what patient factors and surgical interventions affect outcomes for MBO in a prospective manner. 35 The trial compares best medical management (anti-motility agents, anti-nausea agents, and pain control) versus surgical intervention for patients with SBO and intra-abdominal malignancy (MBO) and will offer significant additional data to add to our understanding of how to manage this complex problem. In the meantime, data from our study can be added to the existing data to help guide the clinicians' decision-making for patients presenting with a MBO.
This study has several limitations. First, this is a retrospective, observational study with inherent selection bias in the analysis of patient outcomes. Because the study involves only patients who had surgery, these individuals represent a highly selected group, likely with a better prognosis than other patients with MBO. Also, the diagnosis of MBO is assumed, based on the combination of SBO and disseminated malignancy. It is possible that some MBO patients actually had benign obstructions. Additional MBO patients may have been identified if they did not meet the definition of disseminated cancer, but did in fact have an obstruction due to malignancy. The nature of the obstruction-one location versus diffuse disease causing obstruction-was not able to be determined, as the definition of disseminated disease does not differentiate the disease severity. Lastly, there were a relatively small number of patients who met the criteria for MBO. However, our MBO cohort was larger than many published studies on this topic.
Conclusion
Surgery for small bowel obstruction is associated with a relatively high risk for morbidity and mortality, particularly in the setting of MBO. While many of the risk factors for mortality demonstrated in this study, including advanced age, higher ASA class, ascites, and malnutrition, are not able to be modified there remains clinical value in understanding the impact these factors can have on a patient's mortality. In the setting of known disseminated malignancy, these results can help aid clinicians to make recommendations for or against surgery, by identifying patients at particularly high risk for 30-day mortality.
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